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Introductio.

Tidal marshes of the .+~ 3
cover  about 13,000 squar k-
proximately the combined .:.v . Jon-
necticut and Massachusetts, From a
global perspective, marshes form 4 nar-
row fringe of intertidal flats along
ocean coasts. They are vegetated by
a few hardy species, mostly grasses,
that have been able to adapt to the
unusual stresses of tidal flooding and
salt water.! Tidal marshes provide
feeding and nursery grounds for many
commercially important fin= and shell-
fish.  Sport fishermen,
hunters, are attracted to these areas
by the plenmgl supply of fish, water-
fow), and furbearers. The value of
tidal marshes has been recognized by
the passage of Presidential Executive

Order (E.O. 1990) in 1977, pmmptmg

State and Federal agencies to minimize
impacts or alterations in wetlands.

The purpose of this brochure is to .

provide an overview of the ecology of
tidal marshes along the Gulf coast of
the United States, factors affécting

them, and their valte.
Praductmty of tidal marshes is
comparable to, or exceeds, that of cur
o

-

as well a5

;st fertile agricultural land (as much
5 5 tons per acre znnually). This
hlgh pmdur:tmty occurs because tidal
rn'u‘rhr'% are the houndary or "inter-
face" between the ocean and the adja-
cent land. [Interfaces. in geperal are
sites of unusual activity and tidal
matsies are no exception. They re-
ceive fresh water, sediment, and nu-
trieats from the land and are also ex-
posed to salty oceanic waters that add
additional nutrients.

between tidal streams and marshes,
becoming shorter and sparser as one
moves inland, The zbundance of food
and shelter along this marsh edge re-
sults in a concentration of animals,

from tiny invertebrates to game f: 3h
and fish-eating birds. * (See renter
plate) The stems of individual grass
plants, bathed dally by salty water,
are coated with a Jense layer of mi-
trﬂscﬁpic anﬁnals &ne-*‘e.led algae,

small anmials Thus at all levels the
interactions between land and flooding
water contribute to the high produc-
tivity and value of salt marshes.

Human Imﬁact

In the United States, coastal
marshes have been disappearing at a

As & result,.
grasses. grow tall along the boundary

rite "of ahout one-half percent per

year. One million acres of coastal
marsh have been lost since 1954, as
documented by high altitude Aerial
photography of the coast.’ By the
year 2000, if the:present -rate of marsh
loss cﬁntmues, an additional one mil-
Hon acres will have disappeared.
Public - consciousness, combined with
legislation, at the State and National
levels, has begun to reduce the rate
of marsh loss fram urban, agricultural
and industrial developmernt, But other
more subtle activities that still occur

in coasta] wetlands and in areas up--

stream may, in the long run, produce
changes just as important.

The relationship between these
activities and wetland alteration is
often unexpected. For example, con-
tinual’ sediment denosition is necessary
to maintain tidal marshes. Fiood con-
trol levees on “the Mississippi River

eliminate most of the sedment tiow into

adjicont marshes, resulting in a net
wetland loss of about 10,000 acres per
year.. Blockage of normal sedimen:
supplies to the coast by the Toledo
Bend Dam on the Sabine River (bor-

dering Lonisianz and Texas) has ac-

celefaled marsh loss and chang<d the
seasonal freshwater flow enough to re-

duce shrimp migraticn into the estuary. -

Oil-well access .channels and pipeline
canals, criss-crossing the decp draft
navigation waterway in the Calcasieu
basin of Louisiana, have linked the
Gulf of Mexico to freshwater marshes.

L
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Flgure I, Twodhirds o 9¢ human population live on one-third of the world's land ires adJucent o ocean coasts, Wetlands are dralned for agrleulture, *au+'ng, and
Industry, Man alters flooding paiterns by constructing foad embankments, candls with elevated spoll banks, and levees along streams. Ecological relationships ure altered
when man pollutes estuarine streams and lakes with sewage, fertilizers, and pesticides.
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Salt water has moved inland, killing:
© vegetation whose roots prevent soil

erosion.  Consequently, wetland vege-
tation has changed and erosion rates
have increased, Toxins and nutrients
in wastewater from urban and indus-

" trial sources have drained into the up- '

land end of these canal complexes.

“Instead of filtering - across wetlands, .-

. they now enter directly into coasial
“Yakes, polluting the water and, in, ex-
treme crses, causing fish ‘kills.?

These impacts have a common ori-
pin. The development was undertaken
for some worthwhile cause unrelated to
wetlands. Individually most viere small
projects compared to the larger unfore-

seen consequences on the tidal marshes.

Man's activities redirect the enormous
- powers of nature, as a valve switches
a flow of water. A ‘chain of related
events often follows, The examples
are many. A small dredged’channel

becomes a major short cut for water

flow, with the result that natural me-
andering channels are abandoned and
filled with silt. Dredged materials de-

_ posited along canals block water flow

to thousands of acres of wetlands,
which can no longer function as nur-
'sery grounds. Pesticides and herbi-
« cides, carried in nearly' undetectable
concentrations from farm lands in run-
off water, are concentrated by birds
such as brown pelicans, peregrine fal-
cons, bald eagles, and-ospreys, caus-
mg sterﬂ;ty or fragile egg shells wmch
bresk during incubation.

The tidal marsh is threatened by
the concentrated development of human
society along  our coasts
Its future existence depends heavily
on widespread understanding of~-the
value to-man of this-natural ecosystem,
‘and on ‘2 hroader appreciation of the
strong ties between the marsh system
and its neighbors, the uplands and the

" vated,

(Figure 1).

Origins of

Iidal Marsbq.s

From ‘'a geologic perspective,
marshes are short=lived features of the
coastal landscape.
headlands, such as ‘those found on the
north Atlantic and the Pacific coasts,
which may be millions of years old,

most of the tidal marshes of the United

States have a life span-measured in
thousands of years.

The energy of ocean currents and
storms moves marine sediments--sands,
muds, and clays--along the coast

where they- are deposited in shallow
Gradually , the bottom is ele- '

water, .
extendmg the mterndal 2one
which pa_rall_el, the coast o enclcsse
shallow bays. Marsh grasses gradually
colonize the fringing mudflats, stabiliz-
ing the surface, spreading slowly out-
ward into the bay, and fixing the
course of the tidal streams that mean-
der through them.! These building
processes are typical *of marshes ~of
the south Atlantic coast of the U.5.

and of the eastern and western Gull’ of

Mexico.

“In contrast, the other, tidal marsh
systems of the Umted States are built
by rivers carrying sediments into shal-
low coastal waters. The Mississippi
River delta is one of the best examples
of this kind of marsh development.
This river system has buﬂt 40% of our
Nation's coastal wetlands.® As the
Mississippi River flows into the.Gulf of
Mexico, its waters spread out, cur-

rents slow, and much of the sediment

© Gulf in 2 fan-shaped delta,
iodically exposed mud flats are slowly
colonized by freshwater marsh plants

Compared to rocky

L

laad is depasued Th& SLdHTlEm:; bmld :

at thL same tu‘ne hutldmg uut mtﬂ [he

because river water keeps the salinity

low, “The river continues to extend its

course into the Gulf until it breaks
through its natural levee upsiream and
finds a shorter route to the ‘sea, As

with any shartgut this bréach soon

tzhc pgth of the old
The mouth of the

over’ thg yegrs
river is abandoped.

new channel becomes the site of a new.

delta. As river.flow. decreases in the
old -channei,
destructional* phase,
vades, salinity levels increase, and
salt-tolerant plant species replace the
(reshwater plahts that once occupied
the area (Fjgure 2).

At any time, the elevation ‘of the

marsh surface is a bslaﬁce between -

land building upward " from sediment
deposition, and land subsiding from

‘consolidation of marshsediments and |
from sinking of ‘the land juass, under -
In the initial growth .

its own weight.
phase deposition predominates. After

. the river shifts its course, fewer sedi- -
ments enter the marsh and land subsi- -

dence -exceeds sediment . deposition.

Along the Gulf coast, subsidence rates

are as much as 1 centimeter per year,
is much less.

reverts to a shallow saline lake or bay.

Historically, L‘h;s cycle takes ahoat one ’
~ thousand: years.®

Since man-has oceu-’
pied the coastal zone, however, the
cycle "has accelerated. Man-made lev-
ees prevent spring floods from carry-
ing silt into the coastal marshes. As a-
result, nearly all of the marshes built”
by the Mississippi Bngg along the cen-

£

1L

The par-

the old marsh enters a.
salt water in=

. and i’ many areas sediment deposition
_ As marsh elevation de-
clines, the grasses die and the marsh

3



&, New Straam Channel Forms

Sun epasitsh
Qi mmiss .

B, Marshes Build Out From The Chénnell

Natural Levee
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T"l& physieal characteristics of
tids 1’5‘“’1 are Vosedi- :
il Darsd & déLé"ﬁuleﬂ b Ekn 13=reh Paates
rivers or wind- ﬂr“Vél“ coastal waters,
rainfall and the timing of the spring Subs
thaw five hundred miles upstream, and R
severe tropical storms  originating
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Ocean, Many outside forces also de-
termine the bmlwcal characterstics of

a marsh, Considerig the variation in L el
these outside forces, it is surprsing New Distributary Chann!
that there is greal smienily i lae &, Channe! Abandoned Resultng From
marsh species found all the way [rom T fStream Diversion

’ ~ Abandaned Channel- ,

the Gulf coast to the northern border
of the United States. The dominant
plants in all of these marshes are two
grasses. Saltmarsh cordgrass (Spar- Marsh Peats

tina alterniflora) is found “in true
tidal marshes. In marshes of slightly

higher elevation Spartina  patens, Subsurface

called salt meadow hay or salt meadow River Deposits—= —
cordgrass, occurs. Also widespread . 3

are salt grass (Distichlis spicata) and =

black rush (Juncus roemerianus. Mixed Marine And ;;‘fg

Saltmarsh plants have adapted 0 two River Deposits—

stregses foreign to most land plants--a
saturated root zone depleted of oxy- : i 7 ,
gen, and a hiEh salt concentration that Figure 2; On the Gulf coast of the United States marshes formed by river sediments typically have 2 1000-year

literaily drie” out the tissués of mosi cycie of growih and decay. (A) New ireshv .er marshes form where a river channel empties into a shailow sea,
plants. Pernaps the inability of other depositing sedimerts and forming mud flats. (B) These flats spread, and are colordzed by marsh plants. (C) When
plants to adapt to these stresses has the iver abandons that chznnel, ocean forces begin to dominate, The marshes become salty and salt-adapled
left tae 'marsh zone free to these sall- plants invade, Slowly the marsh sinks as sediments compact. The area reverts o a shallow open sea.
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salt stress
the kKinds o
Dhabit the Tm*.'__._ a5 1he leagti
growing season
ductivity.
Perhaps the
85 LAl shafe @ Falsd
;. the annual eycle of the
seasons determined by the orientation
of the earth to the sun, and the tidal
cycles controlled by the orbit of the
moon around the earth. On the Gulf
coast, tides flood and ebb once every
24 hours 50 minutes, while on the At-
lantic and Pacific coasts tides oceur
twice during that period. This regu-
lar pulse is like breathing for an ani-
mal. Falling waters expose marsh soils
t0 air replenishing the oxygen needed
,,,,,, Rising
tldes carry in sedm&nts anil, nut‘riénts
necessary for plant growth, and flush
{rom the sediments accumulated meta-
bolic wastes. Receding waters carry

e e L
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15 angd mage tne S‘JD'L'{[ ol teie-
documentaries.  The future of
noarly sl of our mast‘ fisheries de-
[end ds on our
nieractions of dal

seisonal  cveles  that

pﬂrecmtmn of complex
v, monthly, and
program  the

mo oments of virtually every majar
coa..al [ishery species. The deta
slsl ity valy ok ape

species, but the pattern is_ similar 10
thqt @f the br—@wn shr‘imp (_ "gurﬁ 3.7

The f,Datmg arvae., to@
small tf_:' swin far under their own
power, are carried passively by ocean
currents through tidal passes into
coastal estuaries. They move into
fringing tidal marsh-pond complexes
where thz shelter of the marsh and the
abundant food supply provide a secure
pupsery ground. As juvenile shrimp
approach maturity, they return to the
ocean o complete their life cycle.
Scientists have only begun to under-
stand the cues that enable an animal to
follow this complex route. Once into

! m,&;h
I’EEEU@JE; eas; m avoid.
aing shrimp swim from botiom
nto the water ool Jm‘x tD mave ’
sivaly with ebb Hdes,
t. The largest mt*xstﬂ:m& “umtld
the strongest tides that ocour
v 28 davs when the moon and the
sun are in line an the earth.

This part of the tidal marsh story
pauld be fncomplete without mentien of
(ne GuCRs, Cools, Ana pesse, whse
annual migr Zitl(_ﬂ-: are rvguht&a by the
lapgths of the dav and might.
They move anny LJLV from Alaskan and
Canadian  breeding  grounds  across
thousands of miles of land to winter in
marshes along the Gull coast. Cener-
Hy, ths e groups af birds TEIEI‘

i =k

smens iy tlas

L
i—

relative

itk Dized e

SNOW gcmse and numerous species of
dabbling and diving ducks are com-

wonly found in tidal marshes, espe-
cially in low snlinity  brackish
marshes.
Marsh Food

Fal BN

Liain

Tidal marsh zones have been

called nursery grounds because of



Zall grass

s Saliméadow hoy

v, Hormit crab

The edge of a tidal marsh Is an area of concentrated activity for many organisins. The tich nutrlents In the water stimulatz plant growth, The resulﬁng food and shelter attrsct many small s
enlarged al varving scales to show detalls,
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Polychaefe

Saltmarsh £ardyrass uthern Foundat

Ribbad musasl

nimals, which in turn draw predators looking for an easy meal. This drawing depicts typical plants and animels in the fall season in marrhes along the Gulf coast of the United States,
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se, in turn, result {rom the po-
n rf the tidal marsh hetwesn ths

land Lnu Lfls @C:an;

: "‘* pm 5;’155 glﬂe energy for this
cuﬁg photosynthesis.  Man

pag tﬁ f'a‘mx.f‘ !f;

[RERTE N s

feod ar—aducumz that 15, fo fuel fraes
tors, to manufasture fertilizers, and to
Iﬂ "“\n gama ufu fLm

nropess {onds.
F:l:mt production of the marsh system
I8 :,u_n_-,ldmd by the energy of tides
and of rivers which continuously re-
pbmsh the nutrients marsh plants re-
quire for e‘raﬁth Rainfall far up-
SiTeal gt Ll'§1 L‘T: " M“
especially  farm Ltmd into  streams
where it i3 eventuﬂ]y carried to the
coast.  As silt-laden river water tra-
verses an estvary, the rhythmic tidal
pulses push the water over adjacent
marshes where the dissolved nufrients
°nd the nutrients attached to fine soil
racticles become available to stimulate
the growth of plants. Marshes are
such effective nutrient traps that they
are being used in some places to puri-

‘; |’r3‘1» #5 j_

A term used in South Louisiana to
mean a tidal stream.
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Zs‘)i'ié"ll:& ¢t 102 [arsn 1
azuatic systems, the food chad

with  one-called mICroscopic
plants--phyteplankionic  algae--which
grow and muliply In the diute mu-
trient broth of sunhit surface waters,
These alzae form the base of 2 gra:k
food web besauss they are cropped di-
rectly by mufﬂ {lnating animals called
2aoplankten; by fishes such as the bav
a Lhm and monhaden; by clams; and
; e'F‘ch ftr"un i*:?;ter

I

ala’:a bffme rngc ting LhE’Tl rl“j‘tﬁ
piankion production is especially high
n estusrine sy7tems, because of high

autrient concentrations,

The other acuatic plant group
that & pp'i&fr : pbttm‘; lankoa D10

S
Gtimtion i

A feer =i
Wid e SL.-. papuyey 5 S e iz

benthic algoe that can grow on the bay
bottom  because sgnhght penetrates
throvzh the shallow water. The im»
nortance of this plant community varies
with the type of substrate and the
depth and clarity of the water. Where
seéiiments are relatively stable and the
water clear, sea grasses may abound
as they do along the eastern coast of
the Gulf of Mexize. In turbid waters,
low light intensity and smothering sed-
iments often prevent sea grass growth.
In these situations, bottom-dwelling,
single-celled diatoms often [flourish,

§

i

n

l'hl r

2rs 0
ﬁd ch.;s-
@ﬁ tube:

g

F"x::ed gfasa
rR3SES  950aDE L_x.;;\,_aiﬁéd. 3¢
orasses ais0 escape direct grazing by
estuarine fish and shellfish. Thus tne
role of marsh grass in the food chair
was for many years problematic. Sin
, evidence has acunu-
lated that marsh grass coninibutes sig-
nificantly te aquat tie productivity after
it dies. Tre decaving marsh zrass
and resulting disselved organit ma-
terial are (lushed from the marsh by
tides and storms, becoming available o
AQUALIC COLSUMETS indirecliy .~
It {5 difficult to quantify the rel-
ative fmpariance of each of the sources
of organic {ood, but ecologists in Lou-
islana have estimated that phytoplank-
ton, bottom-dwelling plants and marsh
grass each provide equivalent amounts
of organic material o the estuarine

fq shnin iy & r_,, ath s

1 S P = T
the zarly 1350s

[

ava womis yaammze &y 2: wexizx

marsh-estuarine systems where open
water areas are large compared to
fringing marshes, phytoplankton pro-
ductivity ~predominates, with dead
plant material from upstream an impor-
tant food source only when river in-
flow is significant. '

In addition to the diversily of

®inother, probably minor, pathway of
food energy law {rom marsh to

water is thr.ugh minnows and small
shellfish feeding in the marsh during
high tides.

F
b




simae Bk

fald, bgen

s

ge il ] i
amoamgic 1@ JmEt o2 if sz feamzfamesd pim samh
S ,é} id AQ;‘; =4 ie 55 ’skﬂn:hszlaigul = jghh
exch slep in the food chain. As 2 mErcia

LTy
e
=Ly

—

)
=l

Figure 3, The brown shrimp Is ypical of many marine anlmalsth 2t spawn offshore, move Into the estuory ss juveniles, and emigrate to sea again as adults. Thefr sojourn
in the estury corresponds with the time of peak food production from the adjoining marshes.
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Figure 4. The food that marsh and estuarine animals depend on comes from three sources: floating single celled algae (phytoplankton), sea grasses and benthic algae, and
marsh grasses swept into the adjacent water, Certain animals prefer each of these plant food sources, while othe: carnivorous fish and birds eatanly other animals. In this very
simplified llustrationof marchsestuary food chains of a Lonisiana salt marsh, the bar gr-ph ilustrates the annual production of ezch group of arganisms, (\iullmlnng each

LR H

number by 10 approximates the production in pounds per acre.) The height of the bars decrease dramatically as the animals feed further and funher from the plant
food base. '
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Figure 5. Marsh prasses feed the detrital mill. Small marsh animals physically shred the dead grass, enabling
hactaria to invade it and break it down chemically, so that animals can assimilate it and grov. Their waste

=g =

e eycle is repeated.

animals, whico are 1 turn eaten
carniverss 85 In & grazing fead
hy Three differsnces distinguish
the "detritus" food chain from the
erazing food chain. First, bacleria
play an impertant role, breaking down
the cellulose® in grasses, which is in-
disestible to enimals, to a usable chen-
‘=] form. Without exception, higher

's do not manufscture the neces-
sary enzyms:s o accomplish this. Even
a cow must czpend on the bacteria m
its rumen (stomach) to break down the
grass it eats, The detrital system of
the salt parsh per'orms exactly the
same function in the water where
broken bits of plant materiadl wash
back =nd forth with the tide. It is 2
kind of external rumen, and its pro-
ducts suppurt a major Earsh-esiarae
food chain. Second, because nearly
all of this decomposition occurs on or
in the bottom sediments, the scaveng-
ing animals are predominantly botton-
dwellers (for exeample, very small
wormlike nematodes and crustacean an-
phipods and isopods) or botton-feeding

fich  and o chellfish These animals

R

ingest the decaying plant-bacteria ma-
terial, strip from it and assimilate the
bacteria, and egest the remains in
neatly packaged fecal pellets that can
be colonized again by bacteria (Figure
5). Finally, tides and storms are im-

_ portant in the estuarine detritus food

plants and flushing the detritus out of
the marsh into the shallow estuarine
waters where it becomes available to

chain. They aid in breaking up the

~ aquatic animals,

Like the grazing food chain, the
detrital pathway is also efficient. Bac-
teria have been shown to incorporate
dead grass into their cells with an ef-
ficlency greater than 20%; and shrimp,
3 fibrous substance making up the -
cell walls of plants. '
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11dal Marshes

Marshes are econemically valuable
for {lsheries far bevond the number of
fishes that are caught directly in adjz-
cent tida! streams. Most of the impars
tant coastal fishery species of the
United Statf:.. ﬁhat h;ug aceess t@ es-

of their life history, Rea‘ent res earrh
has revga}gd hms meﬁrta_n_t this as pEct
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fisheries around the world are directly
relaied o (e area of marsh o (e
shrigp nursery grounds, not to the
area cof estuaring or offshore coastal
waters where they are caught. 1
Protecting fisheries is not the
only ‘economic reason [or ccnserving
wetlaz’?’ds, The waterfowl that crowd

]
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Gulf coast mar;f,ti
create = punfer : g, and .
bearing n.usirais are regularly trapped

r
in brackis: “a
Uy are other
i . i r\-s.-..iu

l’md d bv tldhl mtérs thﬁ veg tqtian
traps sediments which might otheriise
SWCE D mlﬁaLluﬂ ﬂmmt:;:i and narnars,
For P‘ﬂmﬁltj when the great marshes
o U seuthesstern coast of England

are Iu‘st Lked and filled i the 19th
EL:;!_%E 1l the natural Ha:-bara sﬂted
il A“ 5 regult panstant dredein
a considerable cost v the public be-
came necessary to k-ep the harbors
operational. 1*  Wetlanus also buffer
inland areas from the damaging elfecis
of severe storms, acting as huge water
reservoirs that reduce flooding in sur-
rounding uplands.

Fven more difficult to quantfy
are the aesthetic values of wetlands.
Conversations with coastal residents,
hunters, and sport fishermen usually
reveal a deep appreciation for the
beauty of wetlands. Our inablity to
put & dollar vaiue op this King of ex-
perience does noi make it any less real
or less important,

 The diversity of these values
leads to a serious problem in attempts
v reserve wellands;, the private
ow. . of a marsh seldom sees the dal-

iars gensrated from the Lving re-
sources of his land. On the Gulf

coast he may lesse his wetland for
trapping and for duck hunting for
In con-

zbout $10 an .acre a year,

Feapt 5B & mamsst AR s
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wetlands the amnual value of an acre
of coastal marsh for commercial fxshmg
was estmaled at 3%, [or commercial
trapping $3.47, and for sport fishing
§12.13 The wetlands along Lake Mich-
igan are estimated to have an annual
value of $31 per acre for waterfowl
huntine.'*  The orotection marshes
afijord inland wurban areas against
storms  and their water-cleansing
action save the public thousands of
dollars per acre annually.'® Thus,
the value of the marsh in its natural
condition 15 small indeed to the owner,
compared to its value to the general
nublic. The wetland property owner's
gconomic incentive to drain and de-
velop private acreage rzz:mfliéts directly
with the public's interest in maintain-
ing the bEﬁEflt% of 2 ﬂfllLlT‘-’!l rﬂsrch
tans ‘-’“E QUr  (0asis éapm.u ém;“
pressures to develop natural areas in-
crease. A public informed of and in-
terested in the functions and values of
coastal wetlands is the best safeguard
o insure reasonable protection of our
wetland heritage. 8 :
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